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(57) A reduction in parasitic leakages of shallow 
trench isolation vias is disclosed wherein the distance 
between the silicon nitride liner and the active silicon 
sidewalls is increased by depositing an insulating oxide 
layer prior to deposition of the silicon nitride liner. Pref- 
erably, the insulating oxide layer comprises tetraethyl- 
orthosilicate. The method comprises of etching one or 



more shallow trench isolations into a semiconductor 
wafer; depositing an insulating oxide layer into the 
trench; growing a thermal oxide in the trench; and 
depositing a silicon nitride liner in the trench. The ther- 
mal oxide may be grown prior to or after deposition of 
the insulating oxide layer. 
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Description 

Background Of The Invention 
Field of the Invention 

[0001] This invention relates to the manufacture of 
semiconductor devices, in particular, dynamic random 
access memories (DRAMs) having shallow trench isola- 
tion (STI) vias for isolating the various transistors 
present within a capacitor array. 

Description of Related Art 

[0002] The use of silicon nitride (Si3N4) liners in 
shallow trench isolations (STIs) have proven to be vital 
for eliminating silicon defects in trench-based DRAM at 
0.25 jam groundrules. With shrinking dimensions envi- 
sioned for the Gigabit generations, it is argued that a 
nitride liner, which can effectively block oxygen from 
penetrating into the trench storage capacitor, is a 
necessity. However, one drawback of the nitride liner 
presently used in the STI is its effect in trapping charge. 
Since the nitride liner sits close to the active silicon side- 
walls, it has been shown to exacerbate (1) STI-bounded 
perimeter leakage, (2) node to P-well Junction leakage, 
and most importantly, (3) buried P-channel field effect 
transistor (PFET) hot carrier degradation. 
[0003] The proximity of the nitride liner to the active 
silicon sidewalls poses a serious limitation in the 
amount of thermal oxide that is initially grown in the STI 
(to heal etching-related damage). It has been observed 
that growing a thinner thermal oxide in the STI (i.e. less 
than 130 A) is beneficial in reducing dislocation forma- 
tion. Indeed, it is extremely likely that future shrinks of 
the array cell will require that the thickness of the initial 
oxide grown in the STI be reduced to prevent dislocation 
generation. However, the PFET device has been shown 
to be severely degraded if the oxide between the silicon 
sidewalls and the nitride liner is less than 130 A Thus, it 
is beneficial and desirable to maintain a certain distance 
between the silicon nitride liner and the active silicon 
sidewalls such that one minimizes parasitic leakages in 
the array and reduce PFET hot carrier degradation yet 
still able to block oxygen from diffusing into the trench 
capacitors. 

[0004] U. S. Patent No. 5,643,823 issued to Ho et al. 
and assigned to the assignee of the current invention 
discloses a crystalline silicon nitride liner in ths shallow 
trench isolation as an oxygen barrier film. This refer- 
ence, however, does not maintain a certain distance 
between the silicon nitride liner and the active silicon 
side walls such that parasitic leakages in the array are 
minimized in PFET hot carrier degradation. 
[0005] US Patent No. 4,700,464 to Okada et al. dis- 
closes a process for forming U-shaped isolation 
grooves in a semiconductor body having silicon dioxide 
and silicon nitride films formed within the groove then 



filling the groove with a polycrystalline silicon topped 
with a silicon dioxide cap. The silicon nitride film 
absorbs the stresses produced by the expansion of the 
silicon dioxide cap preventing the development of dislo- 

5 cations. This reference teaches use of the silicon diox- 
ide film to prevent short circuiting between the 
polycrystalline silicon in the U-grooves and the wiring 
formed on the surface of the substrate, or the electrodes 
formed in the vicinity of the wiring. 

10 [0006] U.S. Patent No. 5,492,858 to Bose et al. dis- 
closes the use of a silicon nitride liner conformally 
deposited on the thermally oxidized etched surfaces of 
an isolation trench. The nitride liner provides a more 
receptive surface than the thermal oxide coating to form 

is a more durable bond with a later conformal dielectric 
filler and shields the underlying thermal oxide and or 
substrate from oxidation during subsequent processing. 
The nitride liner also serves to protect the silicon active 
areas from contamination during subsequent process 

20 steps since nitride is a better barrier than oxide. The ref- 
erence is more precisely directed to using a silicon 
nitride liner to enhance subsequent processes such as 
planarizing the silicon substrate. It does not, teach or 
suggest the use of the liner as a means for reducing 

25 parasitic leakages. 

[0007] U.S. Patent No. 5,516,721 to Galli et al. dis- 
closes an isolation structure using a liquid phase oxide 
material to fill the isolation structure. This reference 
does not teach nor suggest a silicon nitride liner in the 

30 isolation structure. U.S Patent No. 5,604,159 to Cooper 
et al. discloses a method of making a contact structure 
or plug by etching vias into the silicon substrate. This 
reference does not teach nor suggest a silicon nitride 
liner within the contact structure to resolve the problem 

35 of parasitic leakages. 

[0008] U.S. Patent No.5,71 9,085 to Moon et al. dis- 
closes a method of forming a trench isolation region by 
forming an opening in a semiconductor substrate, oxi- 
dizing the opening a first time and then etching the oxi- 

40 dized opening with a wet etch comprising hydrofluoric 
acid followed by oxidizing the opening a second time. 
This reference neither teaches nor discloses a silicon 
nitride liner in the shallow trench isolation structure. 
[0009] Bearing in mind the problems and deficien- 
ts cies of the prior art, it is therefore an object of the 
present invention to provide a STI via having reduced 
parasitic leakages. 

[001 0] It is another object of the present invention to 
provide an STI via having reduced PFET hot carrier 
so degradation. 

[0011] Still other objects and advantages of the 
invention will in part be obvious and will in part be 
apparent from the specification. 

55 Summary of the Invention 

[0012] The above and other objects and advan- 
tages, which will be apparent to one of skill in the art, 
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are achieved in the present invention which is directed 
to, in a first aspect, a method of forming isolations in a 
semiconductor body having reduced current leakage 
comprising the steps of: 

a) providing a silicon wafer having a layer of pad 
oxide disposed over the wafer and a layer of pad 
nitride disposed over the pad oxide; 

b) etching one or more shallow trench isolations into 
the wafer; 

c) depositing an insulating oxide layer into the 
trench; 

d) growing a thermal oxide in the trench; and 

e) depositing a silicon nitride liner in the trench. 

[0013] Preferably, the insulating oxide layer com- 
prises tetraethylorthosilicate or borophosphosilicate 
glass. Where the insulating oxide layer comprises tetra- 
ethylorthosilicate, the step of depositing a layer of tetra- 
ethylorthosilicate into the trench occurs at low pressure 
of about 200mTorr to 1Torr. The thermal oxide may be 
grown before or after the step of depositing an insulating 
oxide layer into the trench. 

[001 4] Preferably, the layer of pad oxide has a thick- 
ness of about 50 to 1 00 A; the layer of pad nitride has a 
thickness of about 1200 to 2400 A; the insulating layer 
comprises tetraethylorthosilicate having a thickness of 
about 50 to 300A; the thermal oxide has a thickness of 
about 100 A; and the silicon nitride liner has a thickness 
of about 55A. 

[0015] In another aspect, the present invention is 
directed to a method of reducing current leakage in an 
isolation trench of a semiconductor device comprising 
the steps of: 

a) providing a silicon wafer having a dielectric layer 
disposed thereon; 

b) etching at least one trench into the wafer; 

c) depositing an insulating layer into the trench; 

d) growing a thermal oxide through the insulating 
layer in the trench; and 

e) depositing a silicon nitride liner over the insulating 
layer and the thermal oxide. 

[0016] Preferably, the insulating layer comprises 
tetraethylorthosilicate deposited at a low pressure of 
about 200mTorr to 1Torr having a thickness of about 50 
to 300A. Preferably, the thermal oxide has a thickness of 
about 100 A and the silicon nitride liner has a thickness 
of about 55A. 

[0017] In yet another aspect, the present invention 
is directed to a method of reducing current leakage in an 
isolation trench of a semiconductor device comprising 
the steps of: 

a) providing a silicon wafer having a dielectric layer 
disposed thereon; 

b) etching at least one trench into the wafer; 



c) growing a thermal oxide in the trench; 

d) depositing an insulating layer over the thermal 
oxide; and 

e) depositing a silicon nitride liner over the insulating 
5 layer. 

[0018] Preferably, the insulating layer comprises 
tetraethylorthosilicate deposited at a low pressure of 
about 200mTorr to 1Torr having a thickness of about 50 

10 to 300A. Preferably, the thermal oxide has a thickness of 
about 100A and the silicon nitride liner has a thickness 
of about 55A. The method may further include, prior to 
step (e), the step of high temperature annealing the 
thermal oxide and the insulating layer. 

15 [001 9] In still yet another aspect, the present inven- 
tion is directed to a semiconductor device comprising a 
semiconductor substrate having one or more electrical 
devices formed thereon; a plurality of shallow trench 
isolations formed on the substrate to isolate the electri- 

20 cal devices, the isolations having a thermal oxide grown 
in the trench; a layer of tetraethylorthosilicate over the 
thermal oxide; and a silicon nitride liner over the layer of 
tetraethylorthosilicate; and an insulative material sub- 
stantially filling the trench. 

25 [0020] In a final aspect, the present invention is 
directed to a semiconductor device comprising a semi- 
conductor substrate having one or more electrical 
devices formed thereon; a plurality of shallow trench 
isolations formed on the substrate to isolate the electri- 

30 cal devices, the isolations having a layer of tetraethyl- 
orthosilicate deposited into the trench; a thermal oxide 
grown through the layer of tetraethylorthosilicate, 
wherein the layer of tetraethylorthosilicate and the ther- 
mal oxide are annealed at high temperature; and a sili- 

35 con nitride liner deposited over the annealed layer of 
tetraethylorthosilicate and the thermal oxide; and an 
insulative material substantially filling the trench. 

Brief Description of the Drawings 

40 

[0021] The features of the invention believed to be 
novel and the elements characteristic of the invention 
are set forth with particularity in the appended claims. 
The figures are for illustration purposes only and are not 
45 drawn to scale. The invention itself, however, both as to 
organization and method of operation, may best be 
understood by reference to the detailed description 
which follows taken in conjunction with the accompany- 
ing drawings in which: 

50 

Fig. 1 is a partial vertical cross-sectional view of a 
semiconductor wafer having a shallow trench isola- 
tion etched into the silicon substrate. 

55 Fig. 2 is a partial vertical cross-sectional view of a 
semiconductor wafer having a conformal insulating 
layer deposited thereon. 
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Fig. 3 is a partial vertical cross-sectional view of a 
semiconductor wafer having a thermal oxide grown 
through the deposited insulating layer. 

Fig. 4 is a partial vertical cross-sectional view of a 
semiconductor wafer having the shallow trench iso- 
lation filled with a passivation material. 

Fig. 5 is a partial vertical cross-sectional view of a 
semiconductor wafer according to another embodi- 
ment of the present invention wherein a thermal 
oxide is grown in the shallow trench isolation. 

Fig. 6 is a partial vertical cross-sectional view of a 
semiconductor wafer having deposited therein the 
shallow trench isolation an insulating film and a silt- 
con nitride liner with the shallow trench isolation 
filled with a passivation material. 

Description of the Preferred Embodiment(s) 

[0022] In describing the preferred embodiment of 
the present invention, reference will be made herein to 
Figs. 1-6 of the drawings in which like numerals refer to 
like features of the invention. Features of the invention 
are not necessarily shown to scale in the drawings. 
[0023] Figs. 1 to 4 show a first preferred embodi- 
ment of the present invention. In Fig. 1, a semiconduc- 
tor substrate 10 has a pad dielectric layer deposited 
thereon comprising a pad oxide layer 13, preferably sili- 
con oxide, and a pad nitride layer 15, preferably silicon 
nitride. The pad dielectric layer on the silicon substrate 
is patterned and etched according to know processes in 
the art. preferably a dry etch process, to form a shallow 
trench isolation via 1 7 approximately 0.25um deep. Pad 
nitride layer 15 includes portions 16 forming the upper 
corners adjacent to via 1 7. After the etching process, 
the isolation vias are wet cleaned using a mixture of 
dilute hydrofluoric acid (DHF), sulfuric peroxide, Huang 
A (H202:NH40H:H20), and Huang B (H2O:HCI:H202) 
solutions. Following the wet clean, an HF/glycerol etch 
is used to remove about 20nm of pad nitride from the 
side walls to partially remove or "pull back" the upper 
corners 16 (see Fig. 1) of pad nitride layer 15 as shown 
in Fig. 2. Removal of the upper corners 16 of the pad 
nitride layer 15 allows the isolation via to be substan- 
tially filled void-free with passivation. 
[0024] After the removal of the upper corners 1 6 of 
the pad nitride layer 15, an insulating oxide layer 20 is 
conformally deposited over the silicon substrate 10 and 
into trench 17. The deposition of the insulating oxide 
layer 20 preferably occurs at a pressure of about 
200mTorr to 1Torr at a temperature of about 500° to 
600°C utilizing apparatus well known in the art. The 
thickness of insulating oxide layer 20 should ideally 
range from about 50 to 300A or of such a thickness that 
the insulating oxide layer 20 is conformably deposited 
along the side walls and bottom of the isolation via. 



Preferably, the insulating oxide layer comprises tetrae- 
thylorthosilicate. 

[0025] Following the low pressure deposition of the 
insulating oxide layer 20, a thermal oxide is grown 

s through the deposited insulating oxide layer 20 using a 
high temperature oxidation process at about 1000°C for 
a period of about 1 to 10 minutes to form layer 25 as 
shown in Fig. 3. The thickness of the thermal oxide is 
tailored such that silicon crystal defects are not formed. 

10 Preferably, the thermal oxide has a thickness of about 
50 to 200 A, most preferably a thickness of about 100 A. 
Incorporating about 3.0% hydrochloric acid in the ambi- 
ent of the reaction chamber increases the growth rate of 
the thermal oxide through the deposited insulating oxide 

is layer 20. 

[0026] In Fig. 4, the semiconductor wafer further 
includes a silicon nitride liner 43 deposited within the 
isolation via. Preferably, the silicon nitride finer has a 
thickness of about 55A. Following deposition of the sili- 

20 con nitride liner 43, the isolation via is filled with passi- 
vation material 47 such as tetraethylorthosilicate. 
Excess passivation material 47 is removed by planari- 
zation processes known in the art such as chemical 
mechanical polishing. The resulting final form of the 

25 shallow trench isolation via is polished down to expose 
pad nitride layer 15. 

[0027] Figs. 5 and 6 show a second embodiment of 
the present invention wherein the thermal oxide layer in 
the shallow trench isolation via is grown prior to deposi- 

30 tion of the insulating oxide layer. Fig. 5 depicts a portion 
of a semiconductor wafer having a substrate 10 and a 
pad dielectric comprising a pad oxide layer 1 3 and a pad 
nitride layer 15. The pad nitride layer 15, preferably, has 
a thickness of about 1 200 to 2400 A. The pad oxide layer 

35 1 3, preferably, has a thickness of about 50 to 1 00 A. The 
pad dielectric protects the silicon substrate 10 during 
formation of the shallow trench isolation. Typically the 
shallow trench isolation has a depth of about 0.25um. 
[0028] Following the etching process the shallow 

40 trench isolation is wet cleaned using a mixture of DHF, 
sulfuric peroxide, Huang A, and Huang B solutions. 
Again, an HF/glycerol etch is used to remove a corner 
portion of the pad nitride layer 15 adjacent to trench 17 
to "pull back" the pad nitride layer 15. The "pull back" of 

45 the pad nitride layer 15 allows the isolation via to be 
substantially filled void-free with passivation later on in 
processing the semiconductor wafer. After the "pull 
back" of the pad nitride layer 15, a thermal oxide 23 is 
grown in the shallow trench isolation via. The thickness 

so of the thermal oxide should be tailored such that silicon 
crystal detects are avoided, preferably having a thick- 
ness of about 50 to 200 A, most preferably, about 1 0oA. 
High temperature dry oxidation conditions at about 
1000°C for about 1 to 10 minutes would be sufficient to 

55 grow the thermal oxide 23 in the isolation vias. 

[0029] Once the thermal oxide 23 is grown in the 
isolation via, an insulating oxide layer 20 is conformally 
deposited over the semiconductor wafer and into trench 
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17. The insulating oxide layer 20 is, preferably, tetrae- 
thylorthosilicate deposited at a low pressure of about 
200mTorr to 1Torr at a temperature of about 500 to 
600°C. The insulating oxide layer should have a thick- 
ness of about 50 to 300A or of such a thickness that the 
film is conformably deposited along the side walls and 
bottom of the shallow trench isolation. In order to mini- 
mize divot formation in a thin, as-deposited tetraethyl- 
orthosilicate film, a high temperature rapid thermal 
process may be utilized at a temperature greater than 
about 1 000°C with process times from about 5 seconds 
to 1 20 seconds. 

[0030] In Fig. 6, the silicon nitride liner 43 is prefer- 
ably deposited to a thickness of about 55A into the shal- 
low trench isolation followed by filling the isolation via 
completely with a passivation material 47 such as tetra- 
ethylorthosilicate. Excess passivation material 47 is 
removed by planarization according to known methods 
in the art such that the pad nitride layer 1 5 is exposed. 
[0031] There are a significant number of benefits 
regarding the use of the oxide-nitride bilayer in shallow 
trench isolation processing. First, the additional oxide 
layer pushes the nitride film further away from the side 
walls of the active silicon areas. The silicon nitride liner 
has a tendency to aggravate array junction leakages 
since it is a positively charged dielectric which sits in 
close proximity to the active silicon sidewalls. By adding 
an additional insulating oxide layer such as low pres- 
sure deposited tetraethylorthosilicate after the thermal 
oxidation step, it is unexpectedly found that array junc- 
tion leakage is reduced by as much as eight fold. More- 
over, it is found that node to p-well leakage, a major 
contributor to cell leakage, was reduced by as much as 
20%. These results are due to a reduction in junction 
leakage along the STI in the trench side walls caused by 
the positive charges being trapped at the nitride liner. 
[0032] A second advantage of having an additional 
insulating oxide layer as part of the isolation via liner is 
the added dielectric thickness above the deep trench 
capacitors. In some cases, the layer of passivation cov- 
ering the capacitor may become thin due to erosion 
from deep trench and STI chemical mechanical polish- 
ing steps. This could lead to burn-in failures and, in the 
worst case, shorts between the wordline-trench inter- 
face. The additional insulating oxide layer tends to mini- 
mize these effects. 

[0033] A further advantage is that the additional 
insulating oxide layer allows for the reduction of the first 
thermal oxidation in the shallow trench isolation via. 
This oxidation is the most critical in reducing the forma- 
tion of dislocations as this thermal oxidation step cre- 
ates the most stress in the buried straps connecting the 
active silicon MESA to the trench capacitor. 
[0034] While the present invention has been partic- 
ularly described, in conjunction with a specific preferred 
embodiment, it is evident that many alternatives, modifi- 
cations and variations will be apparent to those skilled in 
the art in light of the foregoing description. It is therefore 



contemplated that the appended claims will embrace 
any such alternatives, modifications and variations as 
falling within the true scope and spirit of the present 
invention. 

5 

Claims 

1. A method of forming isolations in a semiconductor 
body having reduced current leakage comprising 

w the steps of: 

(a) providing a silicon wafer having a layer of 
pad oxide disposed over said wafer and a layer 
of pad nitride disposed over said pad oxide; 
is (b) etching one or more shallow trench isola- 

tions into said wafer; 

(c) depositing an insulating oxide layer into said 
trench; 

(d) growing a thermal oxide in said trench; and 
20 (e) depositing a silicon nitride liner in said 

trench. 

2. The method of claim 1 wherein step (c) comprises 
sputter depositing said insulating oxide layer. 

25 

3. The method of claim 1 wherein step (c) comprises 
depositing a layer of tetraethylorthosilicate. 

4. The method of claim 3 wherein said step of depos- 
30 iting a layer of tetraethylorthosilicate into said 

trench occurs at low pressure of about 200mTorr to 
1Torr. 

5. The method of claim 1 wherein step (c) comprises 
35 depositing a layer of borophosphosilicate glass. 

6. The method of claim 1 further including after step 
(b) the steps of 

40 cleaning said trenches with a first hydrofluoric 

acid mixture; 

removing a portion of said layer of pad nitride 
adjacent to said trench with a hydrofluoric 
acid/glycerol etch; and 
45 cleaning said trenches with a second 

hydrofluoric acid mixture. 

7. The method of claim 6 wherein said step of remov- 
ing a portion of said layer of pad nitride adjacent to 

so sidewalls of said trench decreases voids in said iso- 
lations when said isolations are filled with an insu- 
lating material. 

8. The method of claim 1 further including the steps 
55 of: 

(f) filling said trench with a passivation material; 
and 
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(g) planarizing said wafer to remove excess of 
said passivation material. 

9. The method of claim 1 wherein step (a) comprises 
providing a silicon wafer with a layer of pad oxide 
having a thickness of about 50 to 1 0OA. 

10. The method of claim 1 wherein step (a) comprises 
providing a silicon wafer with a layer of pad nitride 
having a thickness of about 1200 to 2400A. 

11. The method of claim 1 wherein step (b) comprises 
etching one or more shallow trench isolations hav- 
ing a depth of about 0.25^m. 

12. The method of claim 1 wherein step (c) comprises 
depositing a layer of tetraethylorthosilicate having a 
thickness of about 50 to 300 A. 

1 3. The method of claim 1 wherein step (d) comprises 
growing said thermal oxide to a thickness of about 
100 A. 

14. The method of claim 1 wherein step (e), comprises 
depositing a silicon nitride liner having a thickness 
of about 55A. 

1 5. The method of claim 1 wherein step (c) occurs prior 
to step (d) followed by step (e). 

1 6. The method of claim 1 5 wherein said step of depos- 
iting said insulating layer into said trench occurs at 
low pressure of about 200mTorr to 1Torr. 

17. The method of claim 15 further including after step 
(b) the steps of 

cleaning said trenches with a first hydrofluoric 
acid mixture; and 

pulling back a portion of said layer of pad 
nitride adjacent to sidewalls of said trench 
using a hydrofluoric acid/glycerol etch. 

18. The method of claim 1 5 wherein step (d) comprises 
growing said thermal oxide through said insulating 
layer to a thickness such that silicon defects are not 
formed in said wafer. 

19. The method of claim 18 wherein said step of grow- 
ing said thermal oxide through said insulating 
occurs in the presence of about 3.0% hydrochloric 
acid at a temperature equal to or greater than 
1 000°C under dry oxidation conditions. 

20. The method of claim 15 further including the steps 
of: 

(f)filling said trench with a passivation material; 



and 

(g)planarizing said wafer to remove excess of 
said passivation material. 

5 21 . The method of claim 1 wherein step (d) occurs prior 
to step (c) followed by step (e). 

22. The method of claim 21 wherein said step of depos- 
iting said insulating layer into said trench occurs at 

10 low pressure of about 200mTorr to 1 Torr. 

23. The method of claim 21 further including after step 
(b) the steps of 

is cleaning said trenches with a first hydrofluoric 

acid mixture; 

removing a portion of said layer of pad nitride 
adjacent to sidewalls of said trench using a 
hydrofluoric acid/glycerol etch; and 
20 cleaning said trenches with a second 

hydrofluoric acid mixture. 

24. The method of claim 21 further including prior to 
step (e) the step of high temperature annealing said 

25 thermal oxide and said insulating layer. 

25. The method of claim 21 further including the steps 
of: 

30 (f) filling said trench with a passivation material ; 

and 

(g) planarizing said wafer to remove excess of 
said passivation material. 

35 26. A method of reducing current leakage in an isola- 
tion trench of a semiconductor device comprising 
the steps of: 

(a) providing a silicon wafer having a dielectric 
40 layer disposed thereon ; 

(b) etching at least one trench into said wafer; 

(c) depositing an insulating layer into said 
trench; 

(d) growing a thermal oxide through said insu- 
45 lating layer in said trench; and 

(e) depositing a silicon nitride liner over said 
insulating layer and said thermal oxide. 

27. The method of claim 26 further including the steps 

so of: 

(f) filling said trench with a passivation material; 
and 

(g) removing excess of said passivation mate- 
55 rial. 

28. The method of claim 26 wherein step (c) comprises 
depositing a layer of tetraethylorthosilicate at a low 
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pressure of about 200mTorr to 1Torr. 

29. The method of claim 28 wherein step (c) comprises 
depositing a layer of tetraethylorthosilicate having a 
thickness of about 50 to 300A. 

30. The method of claim 28 wherein step (d) occurs at 
a temperature equal to or greater than 1000°C 
under dry oxidation conditions in the presence of 
about 3.0% hydrochloric acid. 

31. The method of claim 26 further including, after step 
(b), the steps of: 

cleaning said trench with an acidic solution; 
and 

removing a portion of said dielectric layer adja- 
cent to said trench. 

32. The method of claim 26 wherein step (d) comprises 
growing a thermal oxide having a thickness of about 
100 A. 

33. The method of claim 26 wherein step (e) comprises 
depositing a silicon nitride liner having a thickness 
of about 55A. 

34. A method of reducing current leakage in an isola- 
tion trench of a semiconductor device comprising 
the steps of: 

(a) providing a silicon wafer having a dielectric 
layer disposed thereon: 

(b) etching at least one trench into said wafer; 

(c) growing a thermal oxide in said trench; 

(d) depositing an insulating layer over said ther- 
mal oxide; and 

(e) depositing a silicon nitride liner over said 
insulating layer. 

35. The method of claim 34 further including the steps 
of: 

(f) filling said trench with a passivation material; 
and 

(g) removing excess of said passivation mate- 
rial. 

36. The method of claim 34 wherein step (d) comprises 
depositing a layer of tetraethylorthosilicate at a low 
pressure of about 200mTorr to 1Torr. 

37. The method of claim 36 wherein step (d) comprises 
depositing a layer of tetraethylorthosilicate having a 
thickness of about 50 to 300A. 

38. The method of claim 34 wherein step (d) occurs at 
a temperature equal to or greater than 1000°C 



under dry oxidation conditions. 

39. The method of claim 34 further including, after step 
(b), the steps of: 

5 

cleaning said trench with a first acidic solution; 
removing a portion of said dielectric layer adja- 
cent to said trench; and 
followed by cleaning said trench with a second 
10 acidic solution. 

40. The method of claim 34 wherein step (c) comprises 
growing a thermal oxide having a thickness of about 
100 A. 

15 

41. The method of claim 34 wherein step (e) comprises 
depositing a said silicon nitride liner having a thick- 
ness of about 55A. 

20 42. The method of claim 34 further including, prior to 
step (e), the step of high temperature annealing 
said thermal oxide and said insulating layer. 

43. A semiconductor device comprising 

25 

a semiconductor substrate having one or more 
electrical devices formed thereon; 
a plurality of shallow trench isolations formed 
on said substrate to isolate said electrical 
30 devices, said isolations having 

a thermal oxide grown in said trench; 
a layer of tetraethylorthosilicate over said ther- 
mal oxide; and 

a silicon nitride liner over said layer of tetraethy- 
35 lorthosilicate; and 

an insulative material substantially filling said 
trench. 

44. A semiconductor device comprising 

40 

a semiconductor substrate having one or more 
electrical devices formed thereon; 
a plurality of shallow trench isolations formed 
on said substrate to isolate said electrical 
45 devices, said isolations having 

a layer of tetraethylorthosilicate deposited into 
said trench; 

a thermal oxide grown through said layer of 
tetraethylorthosilicate, wherein said layer of 

so tetraethylorthosilicate and said thermal oxide 

are annealed at high temperature; and 
a silicon nitride liner deposited over said 
annealed layer of tetraethylorthosilicate and 
said thermal oxide; and 

55 an insulative material substantially filling said 

trench. 
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